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SPECIFICATION 

1. Title of the Invention 

High Resolution Transmission Screen 

2 . Claims 

(1) A transmission type screen where lenticular lens units 
extend vertically towards a viewer side with a pitch of 0 . 5 mm 
or less, characterized in that: 

the lenticular lens unit at least comprises end flat parts 
at both ends, a curved part in the center, and middle flat parts 
between the end flat parts and the central curved part; and 

the lenticular lens unit is so designed as to totally 
reflect most of light rays impinging on the end flat parts and 
emit them out from the middle flat parts and emit out most of 
light rays directly impinging on the middle flat parts and 
central curved part directly; and 

a substrate is a light-diffusing resin plate with a half 
angle of 6 degrees or more. 

(2) The transmission type screen as claimed in Claim 1, 
characterized in that an external light absorbing layer is made 
at least somewhere on the end flat parts of the lenticular lens 
unit . 

3. Detailed Description of the Invention 
[Industrial Field of Utilization] 

The present invention relates to high resolution 
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transmission type screen with a wide viewing angle which is 
suitable for projection type televisions and more particularly 
for projection high-definition televisions and liquid crystal 
televisions . 

[Prior Art and Problems] 

Transmission type screens which use lenticular lenses are 
widely known as screens for projection television screens. It 
is important for a projection television screen to provide a 
wide viewing angle. For example, various known related 
techniques include those disclosed in JP-B No. 28980/1986 
(Fig. 7) and JP-A No . 134627/1983 (Fig. 8). 

On the other hand, new types of projection televisions 
are under development and transmission type screens are 
required to provide not only a wide viewing angle but also a 
higher resolution with a smaller lenticular lens pitch. 

For example, a transmission type projection screen for 
a high-definition television which is expected to be a 
next -generation television requires lenticular lenses with a 
pitch of 0.5 mm or less in order to prevent resolution 
deterioration. Also, for a projection liquid crystal 
television, the lenticular lens pitch in a transmission type 
screen is required to be as small as possible for prevention 
of moire patterns due to interference by lenticular lens stripes, 
as disclosed in JP-A No . 236282/1987 . 

However, it has been thought that, for transmission type 
screens designed to provide a wide viewing angle, it is 
difficult to decrease the lenticular lens pitch mainly for a 
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manufacturing reason. 

For example, in the technique disclosed in JP-B 
No .28980/1986, since at least some of light rays totally- 
reflected by total reflection surfaces at both ends are emitted 
out from a convex surface, it is more difficult to manufacture 
this small convex surface as designed as the lens pitch 
decreases . In the technique disclosed in JP-A No . 134627/1983 , 
since light is concentrated on a viewer side surface by 
lenticular lenses on the light source side, a smaller pitch 
requires a smaller plate thickness. This poses the problem of 
manufacturing difficulty and the problem of lack of rigidity 
which leads to handling difficulty. 

[Means for Solving the Problems] 

As a result of concentrated efforts to study the relation 
between the shape of lenticular lenses and the light diffusion 
performance of the substrate, the present inventors have found 
that when each lenticular lens has a specific shape with flat 
middle parts and the substrate provides light diffusion 
performance with a specific half angle, a high-resolution 
transmission type screen with a wide viewing angle can be 
realized even when the lens unit pitch is small . The inventors 
have made the present invention based on this finding, . 

Specifically, the present invention concerns a 
transmission type screen where lenticular lens units extend 
vertically towards a viewer side with a pitch of 0 . 5 mm or less . 
It is characterized in that the lenticular lens unit at least 
comprises end flat parts at both ends,, a curved part in the center, 
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and middle flat parts between the end flat parts and the central 
curved part and also that the lenticular lens unit is so designed 
as to totally reflect most of light rays impinging on the end 
flat parts and emit them out from the middle flat parts and emit 
out most of light rays directly impinging on the middle flat 
parts and central curved part directly and a substrate is a 
light-diffusing resin plate with a half angle of 6 degrees or 
more . 

Next, the present invention will be described referring 
to the accompanying drawings . 

Fig.l shows an example of a lenticular lens unit in a 
transmission type screen according to the present invention. 
This is merely one embodiment of the present invention and the 
present invention is not limited thereto. 

In Fig.l, reference numeral 1 represents an end flat part 
at each end; 2 a curved part in the center; 3 a middle fat part; 
and 4 an external light absorbing layer. 

In this lenticular lens unit, incidnet light rays go in 
a certain distribution pattern due to the diffusion effect of 
the substrate. Here, however, for convenience of illustration, 
incident light rays are assumed to be parallel to each other. 

Light rays impinging on the end flat parts 1 at both ends 
are reflected by the end flat parts 1 and most of them are emitted . 
out from the middle flat parts 3. In other words, between the 
incidence plane and the end flat parts 1, and between the end 
flat parts 1 and the middle flat parts 3, incident light rays 



¥ 2-213825 



6 



are diffused due to the diffusion effect of the substrate with 
a specific half angle and emitted out from the middle flat parts 
3 as moderately diffused. 

Light rays impinging on the central curved part 2 
(Fig.2(b)) are directly emitted out as widely diffused due to 
a synergistic effect of the curvature and the substrate's 
diffusion effect. 

Light rays directly impinging on the middle flat parts 
3 (Fig.2(c)) are directly emitted out as moderately diffused 
due to the substrate's diffusion effect. 

In the present invention, depending on the circumstances, 
an external light absorbing layer 4 may be provided at least 
somewhere on each end flat part 1 to mainly absorb external light 
to improve image contrast . 

In the present invention, since the middle parts as 
constituent parts of a lenticular lens are flat, it is easy to 
design and manufacture a transmission type screen with a smaller 
lens pitch and therefore an excellent transmission type screen 
can be manufactured when a light -diffusing resin plate with a 
specific half angle is chosen for the substrate. 

In the present invention, the end flat parts 1 may adjoin 
the middle flat parts 3 as shown in Fig.l or there may be minute 
flat parts 5 between the end flat parts 1 and the middle flat 
parts 3 as shown in Fig. 3. 

Furthermore, in the present invention, the middle flat 
parts 3 or minute flat parts 5 may be surf ace -roughened in order 
to prevent reflection of external light. 
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In the present invention, the substrate must be a 
light -dif fusing resin plate with a half angle of 6 degrees or 
more. "Half angle" here means an angle at which a half of the 
maximum luminance is obtained. If the half angle should be less 
than 6 degrees, rays impinging on the end flat parts 1 and totally 
reflected rays impinging on the middle flat parts would not be 
so diffused but concentrated with some angle and luminance 
unevenness might occur. 

Fig. 4 shows a luminance distribution for a substrate with 
a half angle of 8 degrees (embodiment) and Fig. 5 shows a 
luminance distribution for a substrate with a half angle of 4 
degrees (comparative example). In the case of Fig. 4 
(embodiment) , even when the middle parts 3 are not convex as 
in the prior art but flat, the substrate in the transmission 
type screen produces an effect of almost uniform light diffusion 
On the other hand, in the case of Fig. 5 (comparative example) , 
luminance unevenness occurs though the viewing angle is wide, 
which is unsuitable for a transmission type screen. 

In the present invention, there is no special limitation 
on transparent resin which is used as a material for the 
substrate in the transmission type screen. For example, it may 
be acrylic resin, styrene resin, polycarbonate or polyvinyl 
chloride resin or the like and may be transparent or translucent 
thermoplastic resin. Among others, acrylic resin is most 
desirable from the viewpoints of surface abrasion resistance, 
light resistance and transparency. 

In the present invention, there is no special limitation 
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on the thickness of the substrate in the transmission type 
screen. From the viewpoints of rigidity and handling ease, it 
is desirable that the thickness be in the range of 1.5-4 mm. 

In the present invention, there is no special limitation 
on the type of light -dif fusing agent which is mixed with the 
above transparent resin in order to make the half angle for the 
substrate 6 degrees or more, and its mixture ratio, provided 
that the half angle is 6 degrees or more when mixed. For example, 
inorganic light -dif fusing agents include calcium carbonate, 
barium sulfate, titanium oxide, silica dioxide, calcium 
fluoride, talc, and glass beads. Organic light-diffusing 
agents include styrene resin and cross-linked copolymer 
granules whose primary ingredients are methyl methacrylate , 
acrylic ester, and/or aromatic vinyl monomer. The 
light -dif fusing agent may be one of these materials or a 
combination of two or more of these materials. More desirable 
among these are cross-linked copolymer granules (30-300 ja in 
average grain size) whose primary ingredients are methyl 
methacrylate, acrylic ester, and/or aromatic vinyl monomer, 
calcium carbonate, quartz powder, barium sulfate and glass 
beads . 

In the present invention, there is no special limitation 
on the method of manufacturing a lenticular plate for a 
transmission type screen. Any of ordinary methods such as 
injection molding, compression molding, extrusion, casting and 
continuous casting may be used. 

In the present invention, there is no special limitation 
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on the material for an external light absorbing layer and its 
formation method, provided that the material absorbs external 
light. In order to increase total reflection efficiency, any 
of the following methods may be used. One method is that an 
air layer is made between a coating material as a mixture of 
black dye/pigment and particular spherical granules and the 
base material as disclosed in JP-B No . 223464/1988 . A second 
method is that black dye and black pigment are added to a main 
ingredient which is a transparent material with a refractive 
index smaller than that of the base material. A third method 
is that a layer based on a transparent material with a refractive 
index smaller than that of the base material is made between 
the external light absorbing layer and the base material. 

According to the present invention, a higher performance 
transmission type screen is realized by the use of a Fresnel 
lens. In this case, a Fresnel lens may be mounted on the light 
source side of a transmission type screen according to the 
present invention or it may be mounted on a separate plate, which 
is then combined with a transmission screen according to the 
present invention. 

[Embodiment and Comparative Example] 

Next, the present invention will be described by way of 
a preferred embodiment and a comparative example with reference 
to the accompanying drawings. These do not limit the present 
invention. 

(1) Manufacture of light -diffusing agent (organic cross-linked 
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polymer granules) 

The following ingredients were put in a reaction vessel 
equipped with an agitator, a reflux condenser, a nitrogen gas 
inlet port and so on: 

1. methyl methacrylate 42 w/t parts 

2. butyl acrylate 33 w/t parts 

3. styrene 25 w/t parts 

4. allyl methacrylate 1.5 w/t parts 

5. t - dodecylmercaptan 0.3 w/t part 

6. azobisisobutyronitrile 0.5 w/t part 

7. polyvinyl alcohol 3.0 w/t parts 

8. water 200 w/t parts 

After a sufficient amount of nitrogen gas was introduced 
into the vessel, a mixture of the above ingredients was heated 
to 70°C while being agitated enough, so that polymerization took 
place in the nitrogen gas atmosphere. Its temperature rose to 
90°C four hours later and held constant at 9 0°C for one hour 
to finish polymerization. After polymerization was finished, 
it was dehydrated, washed and dried to obtain granular beads. 
The obtained beads were sieved until cross-linked polymer 
granules with an average grain size of 35 [i were obtained. 

(2) Manufacture of substrate 

The light-diffusing agent obtained above in (1) (3 weight 
percent) was added to Delpet 70H (made by Asahi Kasei Industry 
Co . , Ltd . ) and the mixture was heated and kneaded by an extruding 
machine (resin temperature 250°C) ; molten resin from the dice 
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was passed between rolls and cooled to obtain a substrate of 
610 x 460 x 3 mm for an embodiment. 

Similarly, a substrate with light-diffusing agent (1.5 
weight percent) for a comparative example was obtained. 

(3) Measurement of half angle for the substrate 

Parallel light rays were made to impinge on the substrate 
obtained above in (2) through a collimator and luminance 
distribution was measured using a luminance meter (made by 
Minolta, nt-l/3° P) . 

An angle (half angle) at which the luminance becomes a 
half of the central luminance was calculated from the result 
of the measurement. The half angle for the embodiment was 8° 
and that for the comparative example was 4°. 

(4) Making a lenticular lens and a Fresnel lens 

The substrate for the embodiment and the substrate for 
the comparative example as prepared above in (2) were inserted 
into a lenticular lens mold and a Fresnel lens mold and hot press 
forming was done at a forming temperature of 160°C for ten 
minutes with a forming pressure of 3 0 kg/cm 2 and then 
water-cooling was done for ten minutes to get molded lenses. 

Lenticular lens unit: Fig. 6 

pitch 0.4 mm 

Fresnel lens: pitch 0.25 mm 

focal length 1000 mm 
(In Fig. 6, R denotes curvature radius of the central curved 
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part; and (x, y) denotes coordinates which show the shape of 
the lens unit.) 

(5) Evaluation and Result 

Parallel light rays were made to impinge on the Fresnel 
lens (in the transmission type screen) made with the above 
procedure through a collimator and luminance distribution was 
measured using a luminance meter (made by Minolta, nt-l/3° P) . 

The result was as shown in Fig. 4 (embodiment) and Fig. 5 
(comparative example) . 

Using TWIN CABIN SUPER (made by Cabin Industry, lamp 300W, 
Lens F3 , f 50 mm) as a projector, a slide image was projected 
on the embodiment and comparative example transmission type 
screens and the images formed on the screens were observed 
visually at different angles. 

As a result, it was found that the embodiment transmission 
type screen clearly shows image details with no luminance 
unevenness. On the other hand, the comparative example 
transmission type screen was found to be inadequate because it 
caused luminance unevenness though image details were clear. 

[Effects of the Invention] 

As discussed so far, in the present invention, a middle 
part as a constituent part of a lenticular lens unit is flat 
and a light-diffusing resin plate with a half angle of 6° or 
more is used for a substrate so that lenticular lens units with 
a small pitch are easily designed and manufactured and a 
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high- resolution transmission type screen with a wide viewing 
angle is obtained. 

4. Brief Description of the Drawings 

Fig.l schematically shows a lenticular lens unit in a 
transmission type screen according to an embodiment of the 
present invention. 

Fig. 2 schematically shows the effect of diffusion of 
parallel light rays impinging on the lenticular lens unit of 
Fig.l, where Fig. 2 (a) illustrates light rays impinging on an 
end flat part; Fig. 2(b) illustrates light rays impinging on a 
central curved part; and Fig. 2(c) illustrates light rays 
impinging on a middle flat part. 

Fig. 3 schematically shows a lenticular lens unit in a 
transmission type screen according to another embodiment of the 
present invention, where there are minute flat parts between 
end flat parts and middle flat parts as constituent parts of 
the lenticular lens unit. 

Figs. 4 and 5 are graphs which respectively show luminance 
distribution for a transmission type screen as an embodiment 
and that for a transmission type screen as a comparative 
example . 

Fig. 6 schematically shows the measured dimensions of a 
lenticular lens unit made according to an embodiment of the 
present invention. 

Figs. 7 and 8 each show a lenticular lens unit in a 
conventional projection screen. 
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1 : End flat part 

2 : Central curved part 

3: Middle flat part 

4: External light absorbing layer 

5 : Minute flat part 

Agent: Shimizu Takeshi (and one other person) 

Fig. 4 

Relative Luminance 
Viewing Angle 

Fig. 5 

Relative Luminance 
Viewing Angle 
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